This study presents a framework that utilizes cognitive and motivational aspects of learning to design an adaptive scaffolding e-learning system. It addresses scaffolding processes and conditions for designing adaptive scaffolds. The features and effectiveness of this adaptive scaffolding e-learning system are discussed and evaluated. An experiment was conducted within the domain of velocity and acceleration. The results revealed that the adaptive scaffolding system appeals to students and promotes improved performances and motivational outcomes. Specifically, the results suggested that learners with lower levels of knowledge who possessed extrinsic motivation benefited the most from the adaptive scaffolds. The implications of the design guidelines for developing personalized, adaptive scaffolding e-learning systems are discussed, and future research directions are recommended.
Introduction
Recently, researchers have called for the use of scaffolding to help students learn complex and abstract knowledge (Azevedo, Cromley, & Seibert, 2004; Ge, Chen, & Davis, 2005 ; Van den Boom, Paas, Van Merrienboer, & Van Gog, 2004) . A major reason for this call is that the development of human cognition is composed of a current level and a potential level, and that in between these is the zone of proximal development (ZPD) (Vygotsky, 1978) . After accurately diagnosing students' current skill levels, we use scaffolding to advance their competence and to gradually hand the responsibility for learning to the students (Beed, Hawkins, & Roller, 1991; Wood, Bruner, & Ross, 1976) . While several studies have lent support to the beneficial effect of scaffolding on student learning, their results showed that scaffolding must be supportive of students' learning tasks and must be adaptable to students' current level of understanding and affective state so that it can work within the students' prerequisite ZPD's (Chang & Sun, 2009; Rosenshine & Meister, 1992) . Adaptive scaffolding reflects evidence that one size does not fit all (Reigeluth, 1996) , and implies scaffolding should not only focus on student features such as cognitive status, but psychological traits that affect their learning. While human tutors have been found to be beneficial to students' learning, there is little empirical evidence to address situations in which no human tutor is immediately available (Akbulut & Cardak, 2012) . Moreover, the use of scaffolding adaptively to meet the needs of individuals with different levels of prior knowledge, real-world experience, and problem-solving competencies is still limited. Given this research gap, this study proposed an adaptive scaffolding e-learning system that mapped the right type of scaffolding to different learners to maximize the benefits of scaffolding, and conducted a summative evaluation to conclude the effectiveness and efficiency of such a system to students' learning and motivation. The findings of this study sought to contribute to the literature on learning with e-learning systems by demonstrating that externally regulated adaptive scaffolding mechanisms that aimed to facilitate students' progressions on motivation, were associated with superior performance gains during learning.
Review of relevant literature
Previous literature shows that it is possible to embed conceptual, metacognitive, and strategic hard scaffolds into traditional or technology-enhanced learning environments (e.g., Bulu & Pedersen, 2010; Chen, 2010; Davis, 2003; Demetriadis, Papadopoulos, Stamelos, & Fischer, 2008; Ge & Land, 2003) . Historically, hard scaffolds have been implemented in a fixed manner in which the assistance provided to students does not change based on their behavior. The effectiveness of hard scaffolds has not been consistently shown across disciplines or age groups. Many studies have found shortcomings in the use of hard scaffolds, including the inability to adapt to learners' needs, a lack of ongoing diagnosis, and failure to motivate learners to engage in deeper processing (Greene & Land, 2000; Puntambekar & Hubscher, 2005; Rey, 2010) . As a result, several researchers have argued for the importance of soft scaffolds, which are more dynamic and situational. Soft scaffolds provide just-in-time and personalized support for learners as they work (Azevedo, Moos, Greene, Winters, & Cromley, 2008) . The most common soft scaffolding role is that of the teacher, who is able to continuously diagnose the learners' understanding and provide timely support based on student responses (De Laat, Lally, Lipponen, & Simons, 2007) . However, in the context of computer-supported learning environments in which the teacher is outside of the learning process or is not immediately available, learners' engagement in and motivation to complete a task requiring mental effort decreases over time (Sins, Van Joolingen, Savelsbergh, & Van Hout-Wolters, 2008; Whipp & Chiarelli, 2004; Zhu, 2006) . Therefore, a major interest for researchers and educators is examining how this type of learning environment can provide both dynamic and adaptive support for learners.
In recent years, research examining the development of adaptive educational systems has offered advanced forms of learning environments that attempt to meet the needs of different students (Akbulut & Cardak, 2012; Diziol, Walker, Rummel, & Koedinger, 2010; Magoulas, Papanikolaou, & Grigoriadou, 2003; Mampadi, Chen, Ghinea, & Chen, 2011; Peredo, Canales, Menchaca, & Peredo, 2011; Tseng, Chu, Hwang, & Tsai, 2008) . In practical terms, adaptive systems build a model that is tailored to the learner's characteristics, knowledge, goals, learning style and preferences (e.g., Brusilovsky, 2001; Papanikolaou, Grigoriadou, Kornilakis, & Magoula, 2003; Rasmussen & Davidson-Shivers, 1998; Specht & Oppermann, 1998) . Peredo and his colleagues (2011) created an adaptive intelligent system that addresses the challenges of how the learning environment should change for learners with different characteristics using integrated tools as the basis for dynamically modeling learning characteristics and for designing instructional materials. Kelly (2008) used a multiple intelligence-based adaptive intelligent educational system to support learners with different learning characteristics and found improvements in learning performance and experience for learners with certain types of characteristics. Tseng and her colleagues (2008) adopted the learning style profiles and learners' behaviors from Keefe (1991) as the basis for developing an adaptive learning system. Their results showed that students' learning performances and their levels of efficiency improved with this innovative approach.
Although adaptive learning systems have shown promise in promoting learning outcomes, it is difficult to make claims about what makes adaptive learning systems effective. At the same time, we still hold little knowledge about which parts of adaptive learning systems benefit student learning, and to what extent adaptive learning systems affect students' learning behaviour and performance. Previous research generally indicates that positive results occur when individual differences and orientations of learning are taken into consideration when designing adaptive learning systems, but there is some evidence that adaptive learning may have negative aspects as well (e.g., Magoulas et al., 2003; Peredo et al., 2011; Tseng et al., 2008) . Moreover, the majority of research focuses on pedagogical activities, such as adaptive presentations or navigational frameworks that are tailored to specific aspects of the teaching content (Hsiao, Sosnovsky, & Brusilovsky, 2010; Mampadi et al., 2011) . These studies have failed to investigate the notion of scaffolding on the promotion of students' cognition and motivation when acquiring conceptual knowledge. Additional attention should also be paid to providing individual and personalized scaffolds for positive motivational experiences, given that they benefit personalized learning (Kim, 2012) . To sum up, most existing studies on adaptive learning have typically employed quasi-experimental designs, and thus did not have control over significant learner variables such as prior knowledge, motivation and so forth. The current study has employed a robust experimental design where the participants were assigned to different scaffoldings according to their prior knowledge and levels of motivation.
Rationales for designing an adaptive scaffolding e-learning system
Unlike other adaptive educational systems that were developed to adapt to different traits (i.e., learning styles or preferences), this study proposed an adaptive scaffolding system that supports learners' cognitive and motivational needs using Vygotsky's (1978) ZPD and Brophy's (1999) zone of motivational proximal development (ZMPD) theories. These theories serve as the basis for dynamically modeling learning characteristics and for designing instructional materials. Several studies have adopted Vygotsky's sociocultural theory as the basis for designing supportive strategies or tools to facilitate learning across different domains (e.g., Demetriadis et al., 2008; Doering & Veletsianos, 2007; Ge & Land, 2003; Graesser, McNamara, & VanLehn, 2005; Land & Zembal-Saul, 2003; Quintana, Meilan, & Krajcik, 2005) . In studies regarding scaffolding design to support learning, there is a consensus that scaffolding serves as temporary and adjustable assistance that can benefit the development of learners' cognitive skills. Yet, debate regarding whether scaffolding should be gradually withdrawn as learners gain competence remains unsolved. Bloom, Englehart, Frust, Hill and Krathwohl (1956) categorized the cognitive abilities of students into six components: knowledge, comprehension, application, analysis, synthesis, and evaluation. Each component is unique and is gradually developed through effective instruction. Because cognitive abilities are categorized hierarchically, it is assumed that students with low cognitive ability tend to lack the higher-level cognitive abilities, such as application, analysis, synthesis and evaluation, compared to high cognitive ability students (Bloom, 1956) . It is feasible to use Bloom's taxonomy of the cognitive domains as the framework for scaffolding students' development of cognitive abilities (Granello, 2001 ).
Additionally, attention should also be paid to students' motivational needs. Brophy (1999) stated that most students who are given the appropriate resources, opportunities and environmental conditions, are likely to participate in class-related tasks and will exert more effort when completing them. Brophy (1999)'s ZMPD theory suggests that students' intrinsic motivation can be empowered and cultivated through scaffolding. To address the motivational needs of learners, a system should be designed to recognize the complexity of human motivation. Therefore, a model to help us better scale down the stages of motivation is necessary. Self-determination theory (SDT) (Deci & Ryan, 1985; Ryan & Deci, 2002 ) is a general theory of motivation that calls to systematically explicate the dynamics of human needs and motivation. SDT theorizes human motivation into three main categories: intrinsic motivation (doing something for itself, and the pleasure and satisfaction derived from participation), extrinsic motivation (doing something as a means to an end and not for their own sake), and amotivation (no intention to act or do something). Intrinsic regulation is at the most self-determined end of the continuum, which is when learners engage in activities solely for the enjoyment derived from the activity itself (Ryan & Deci, 2000 , 2002 . The remaining forms of regulation are all considered extrinsic and run along the continuum of self-determination. Amotivation and extrinsic regulation are at the externally determined end of the continuum. Self-determination theory provides a clear view of motivational shifts and trends and echoes Brophy's (1999) ZMPD in that learners should experience scaffolding with appropriate motivational strategies that in turn facilitate sustained retention and effective transfer (Bransford, Brown, & Cocking, 2000; Pintrich & Schunk, 1996) .
Method Participants and design
A total of 170 eighth-grade students were recruited from four classes to participate in this study. The mean age of participants was 14.2 years (SD=1.25). Two classes were assigned as the experimental group and two classes as the control group. The experimental group, which included 81 students, was supported with the adaptive scaffolds, whereas the control group, which included 89 students, had access to the e-learning system but without additional support. We used a pre-test/post-test experimental research design to compare the performance of the groups with or without access to the adaptive scaffoldings in the e-learning system.
Learning materials and context
The domain of instruction was velocity and acceleration, a subject area of considerable complexity. Velocity and acceleration were chosen because while students are familiar with the terms, the concepts behind them are often difficult to teach, due to misconceptions and a reliance on prior knowledge. The instruction included five modules (a) speed and velocity, (b) uniform velocity and diagram, (c) acceleration movement, (d) uniform acceleration and diagram, (e) acceleration gravity. Further, each module included at least three to five topics. For example, the speed and velocity module involved four topics: object movement, average speed, instantaneous velocity, and speed. All instructional modules were presented across various multimedia formats, such as text, audio, animation, and video.
All the instructional modules were accessible to students through the adaptive scaffolding system and stored in a learning material database that only teachers or administers could add to or modify. Figure 1 illustrates the architecture of the adaptive scaffolding system. The student interface shows student model, presentation model, cognitive scaffold model, and motivational scaffold model. The different models have the following functions:

The student model represents the background knowledge, characteristics and preferences of the learners. This static student model can retrieve the data from learner's profile information. 
The presentation model represents the learning materials that were developed based on the curriculum unit of a middle school natural science course. The objectives of the subject unit include the following: (a) explain the difference between velocity and acceleration, (b) solve problems involving projectile motion, and (c) find the velocity and acceleration of a vector-valued function. This model also manages the flow of information and monitors interactions between the learner and the system.  A cognitive scaffold model represents the characteristics that are involved in determining the learners' cognitive levels. This model uses artificial intelligence techniques to dynamically diagnose learners' cognitive levels (i.e. high, medium, and low), and the system uses this information to determine what type of scaffold to present to the student next. Cognitive scaffolds include three types: knowledge, application, and synthesis. The system detects students' understandings of the concepts and determines whether learners stay at the same cognitive level, advance to the next cognitive level, or even devolve to a lower cognitive level.  A motivational scaffold model represents individualized motivating strategies, which include direct access to features that support efforts to motivate learners that are highly adaptive based on learners' identified needs and circumstances. This model uses artificial intelligence techniques to dynamically diagnose learners' motivational levels (i.e. 1, 2, and 3), and the system uses this information to determine what type of scaffold to present to the student next. Scaffolds include three types: intrinsic, external, and amotivation. Scaffolds are text-based messages that encourage the regulation of learning and address the importance or relevance of knowledge to the learners. The intrinsic motivation scaffold focuses on explicitly taking values, goals, and structures as one's own. The external motivation scaffold helps reduce the learners' feelings of internal pressure, guilt, and shame with contingencies regarding self-worth. With this scaffold, learners focus on making the information personally meaningful and important. The amotivation scaffold directs learners' attention towards engaging in a behavior for instrumental reasons (i.e., obtaining better grades). The examples of cognitive and motivational scaffolds are provided in Table 1 . Moving objects don't always travel with erratic and changing speeds. Occasionally, an object will move at a steady rate with a constant speed.
Intrinsic
The concept of object movement will lead to the next lesson "Average speed" where you will learn to calculate the average speed during a course of motion. Application Moving object will cover the same distance every regular interval of time. For instance, a cross-country runner might be running with a constant speed of 6 m/s in a straight line for several minutes.
Extrinsic
We can observe cars move at a steady rate with a constant speed. That is, the object will cover the same distance every regular interval of time.
Synthesis
If the object's speed is constant, then the distance traveled every second is the same. An object with a changing speed would be moving a different distance each second.
Amotivation
Everyday, most of us use some form of transportation to get somewhere. Understand the concept of object movement can help figuring out how long it will take us to go from one place to another. Average speed
Knowledge
Average speed is used to give the speed of an object over a given interval of time, if however the speed of an object is required for a particular moment then the instantaneous speed is used.
Intrinsic
The concept of average speed will lead to the next lesson "Instantaneous speed" where you will learn to understand the distance per time ratio.
Application A lobster creeps 10 m along the sea bed in 5 minutes. Find its average speed. As learned, the formula is average speed=distance/time. Entering our numbers: average speed = 10 ÷ ( 5 × 60 ) = 10 ÷ 300 = 0·033 m/s (= 3.3 cm/s) Extrinsic Calculating average speed is common in our daily life. Examples: moving at five kilometers per hour, it will take us eight hours to get to the base camp.
Synthesis
A car cruises at an average speed of 50 miles per hour. How much time will it take to go 600 miles? The formula is: Average speed=distance/time. Entering our numbers: 50 = 600 ÷ time. Time = 600 ÷ 50 = 12 hours Amotivation Whether a car, bus, a bicycle, or our own two feet, understanding how to calculate average speed is important in today's world of schedules and time crunches. The race track is a place where speed is especially important. Instantaneous speed Knowledge The instantaneous speed of an object is not to be confused with the average speed. Average speed is a measure of the distance traveled in a given period of time. Suppose that during your trip to school, you traveled a distance of 5 miles and the trip lasted 0.2 hours (12 minutes). The average speed of your car could be determined as Average speed=5miles/0.2hours=25miles/hour.
Intrinsic
Instantaneous velocity is not a tricky concept. Most problems ask about an object's instantaneous velocity rather than its average velocity or speed over a given time frame. Unless a question specifically asks you about the average velocity or speed over a given time interval, you can safely assume that it is asking about the instantaneous velocity at a given moment. Application Instantaneous velocity has a magnitude and a direction, and deals with the velocity at a particular instant in time. "The cheetah can run at 70 miles per hour" is an example of instantaneous speed.
Extrinsic
You might think of the instantaneous speed as the speed that the speedometer reads at any given instant in time and the average speed as the average of all the speedometer readings during the course of the trip. Since the task of averaging speedometer readings would be quite complicated (and maybe even dangerous). Synthesis Instantaneous speed is the speed of an object at a given moment. In this case the equation is similar to that of average speed but the time taken is a much smaller interval. A speedometer in the car gives an instantaneous speed as it gives the speed of the moving car at that specific time, whereas the average speed would be used as a measure of speed for the whole journey.
Amotivation
The speed at any instant of time is known as instantaneous speed. With a car's speedometer, we are interested in the instantaneous velocity or speed at a given moment. That is, we want to know how fast that object is moving right now.
Speed
Knowledge Speed is defined as a measure of the distance an object travels in a given length of time.
Intrinsic
Speed is a scalar quantity that refers to "how fast an object is moving." In this lesson, you should have the basic understanding of what speed is and the means for calculation and composition of various average speeds. This basic understanding is important to the future lesson on position-time graph for the object. Application Speed and velocity only deal with movement at a constant rate.
When we speed up, slow down, or change direction, we want to know our acceleration. Acceleration is a vector quantity that measures the rate of change of the velocity vector with time.
Extrinsic
Speed can be thought of as the rate at which an object covers distance. A fast-moving object is contrasted to a slow-moving object in terms of their speeds, and an object with no movement at all has a zero speed. Synthesis Speed can be thought of as the rate at which an object covers distance. A fast-moving object has a high speed and covers a relatively large distance in a short amount of time. Contrast this to a slow-moving object that has a low speed; it covers a relatively small amount of distance in the same amount of time.
Amotivation
Calculating average speed can help to predict the outcome of a race. For example, How long would it take to get to the moon using your feet, a car, or light beam? If you know the distance it traveled and the length of time it took to travel that distance, you can easily solve this question.
In addition to the student interface, the teacher/admin interface allows teachers and administers to access the learning materials, scaffolds, and learner profile databases. The material database allows teachers to upload or modify the instructional modules. The scaffold database allows teachers to add or modify cognitive and motivation scaffolds. In the learner profile database, the teachers can check on the status of each student as well as their learning profile.
Measurements

Domain-specific conceptual knowledge test
In order to develop an instrument to measure students' conceptual understanding of velocity and acceleration, a list of misconceptions identified by two subject matter experts was first extracted. The knowledge test included three types: knowledge, application, and synthesis. The instructional materials comprised five modules consisting of 19 topics. Each topic covered three types of knowledge test. As a result, a 57-item multiple-choice knowledge test was created to diagnose student misconceptions in velocity and acceleration (contact author for sample questions). The knowledge test was reviewed, revised, and validated by two eighth-grade science teachers. The knowledge test was administered twice-pre-test and post-test; the maximum achievable score in each case being 57. The tests were analyzed for internal consistency using the Kuder-Richardson Formula 20. The reliability coefficients were .81 and .84 for the pre-test and post-test, respectively.
Motivational scale
A slightly modified version of Vallerand et al.'s (1992) Academic Motivation Scale (AMS) was used to measure five distinct constructs: amotivation, external regulation, introjected regulation, identified regulation, and intrinsic motivation. The final scale consisted of the following three types of motivation: intrinsic motivation, extrinsic motivation, and amotivation. Intrinsic motivation was measured with seven subscales, each containing four items that were further categorized into the intrinsic motivation to know, to accomplish, and to experience stimulation, for a total of three subscales with 12 items. Extrinsic motivation involved external, introjected, and identified regulations, each of which included 4 items, for a total of 12 items. Amotivation also had four items. A reliability test indicated that our final AMS scale has satisfactory internal consistency across subscales, ranging from .72 to .94. To obtain each student's motivational profile, Grolnick and Ryan (1987) proposed the calculation of Relative Autonomy Index (RAI) to represent students' motivational profiles. A student's motivational profile is calculated using the following formula: (External * (-2)) + (Introjected * (-1)) + (Identified * (1)) + (Intrinsic * (2)).
Procedure
A diagram of the research procedure is presented in Figure 2 . The students were first assigned to either experimental or control groups. All participants in each group were individually tested in a computer lab and completed the pre-test and the motivational scale. Next the researcher provided instructions for the learning task and helped both groups' participants become familiar with the learning system. The major distinction between experimental and control groups was the accessibility to cognitive and motivational scaffold models. The experimental phase was conducted over a 3 week period, entailing 120 minutes per week. During the experiment, students in the experimental groups had access to scaffold models after studying each module's multimedia content. Before studying the next module, each student was evaluated on his or her cognitive and motivational levels. Formatively assessing students in the learning process allowed the system to determine what kinds of scaffolds should be given to them before the next module began. After completing the experiment, all students in the two groups completed the post-test and the motivational scale. 
Results
Student performance
We used an ANCOVA (analysis of covariance) to treat the pre-test scores as a covariate. A test of homogeneity showed that the regression slopes of the two conditions were homogeneous (F=2.78, p=.13), which established that the data were suitable to use in an ANCOVA. Table 2 illustrates that the post-test scores differed significantly between two conditions (F[2, 170]=5.07, MSE=297.03, p<.05, η 2 =.15), and that students in the experimental group achieved higher scores (M=41.33, SD=5.47) than those in the control group (M=37.16, SD=5.81). Thus, we can conclude that the adaptive scaffolding e-learning system led to improved learning performance. To understand how the adaptive learning system benefited students with different levels of prior knowledge, the researcher further divided students into three sub-groups based on their pre-test scores, which ranged from 17-51 (M=33.99) out of a possible 57. Students with low prior knowledge (bottom one-third; LPK group) were compared with students with high prior knowledge (top one-third; HPK group). The students in the middle one-third, with a middle range of prior knowledge were analyzed as middle prior knowledge (MPK group). Table 3 compares pre-and post-test results for students in each of these three sub-groups. A one-way ANOVA showed that there was a significant difference in the experimental group (F[3, 170]=14.26, p<.05, η 2 =.16) on the post-test scores. The following post-hoc analysis further revealed that LPK group gained a significant improvement relative to the HPK and MPK groups. 
Student motivational profile
We used an ANCOVA to treat the prior motivational profile scores as a covariate. A test of homogeneity showed that the regression slopes of the two conditions were homogeneous (F=1.89, p=.09), which established that the data were suitable to use in an ANCOVA. A significant main effect between the two groups was found regarding student motivation (F[2, 170]=4.01, MSE=78.89, p<.05, η 2 =.08), with students in the adaptive scaffolding condition achieving higher scores than students in the control condition. Thus, we can conclude that the adaptive scaffolding e-learning system improved students' learning motivation.
Discussion Summary
In this study, we proposed an adaptive scaffolding mechanism to address students' cognitive and motivational needs to promote personalized learning in an online learning environment. Automated, dynamic, and adaptive support was promoted by gradually diagnosing the interactions between individual students and the instructional content provided. The strategies used during the adaptive scaffolding were constructed to support cognitive development, geared toward increasing positive motivation, and based on theories and prior research on adaptive learning (Graesser et al., 2005; Lajoie & Azevedo, 2006) . The availability and customizability of these scaffoldings enabled the strategies to be provided in real-time and to be customized for the individual students. Given the results regarding students' performance and motivation, the adaptive scaffolding system was appealing to students and promoted their motivational outcomes. Compared to students who did not use this system, those who did were able to gain a better understanding of the complex scientific concepts presented and showed sustained motivation. The main empirical effect of this study can be related to the attribution and goal orientation theories by providing useful scaffolding to help students understand their motivation and personalize their choice of educational activities (Ames, 1992; Weiner, 1990) . The application of the concept of adaptive scaffolding e-learning systems is that matching the delivery of learning material to students' cognitive and motivation levels should improve their learning experience. In addition, our adaptive e-learning system was inspired by the work of Vygotsky in the sense that it models the student's zone of proximal development in order to scaffold the learning process, particularly by suggesting help and increasing complex task levels to individual students. In effect, it acts as a virtual yet more able learning partner that suggests and supports additional learning activities that are just beyond the students' independent ability level (Akbulut & Cardak, 2012; Azevedo et al., 2004; Lo, Chan, & Yeh, 2012; Shute & Towle, 2003) . Furthermore, this study presents the design process for an adaptive motivational scaffold that allows students to draw explicit connections between the learned materials and their personal lives, and it allows an unlimited number of attempts to familiarize students with the content until they are satisfied. This design process indicates how motivation was conceptualized and then made explicit in the adaptive e-learning system. As a result, this study suggests the adaptive scaffolding e-learning system can be a valid tool for gaining students' conceptual knowledge and promoting inner motivation towards meaningful goals.
In recent years, a growing body of research has examined the influence of prior knowledge in hypermedia learning systems (e.g., Amadieu, Tricot, & Marine, 2009; Magoulas et al., 2003; Park, Lee, & Kim, 2009; Shapiro, 1999) . This study explored the interactive effects between different scaffolds and different learner variables, suggesting a need to design scaffolds adaptively to meet the needs of individuals with different levels of prior knowledge. This aligns with previous findings with respect to the interaction between prior knowledge and levels of scaffolds (Ge et al., 2005; MacGregor & Lou, 2004; Sins, Savelsbergh, & Van Joolingen, 2005) . Furthermore, this study revealed that prior knowledge can determine how well learners acquire information from e-learning systems and ultimately influence their learning outcomes in e-learning systems. Building on previous findings that adaptive scaffoldings can regulate student's learning process (Azevedo et al., 2004) , this study also found a relationship between students' prior knowledge and learning outcome when using adaptive scaffoldings, whereby students with lower levels of prior knowledge showed greater levels of improvement in their learning outcome than those with medium to high levels of prior knowledge.
Implications
In conventional web-based learning environments, a fixed learning sequence and content for all students without considering the diverse needs of each individual is often implemented. Research in general has focused on using adaptive content or strategies to facilitate the teaching-learning process. When using adaptive learning systems, learning processes are more effective and successful because the instructional approaches and content are adapted to individual learners. This study indicates that adaptive scaffolding is a holistic and integrated approach that supports learners in the accomplishment of their learning goals by aligning the learning process with the personal cognitive attributes of the learners. According to Vygotsky's ZPD, scaffolding is an integral part of the meaning making process. This study illustrates that students' cognitive and affective backgrounds need to be relevantly included and built upon during the learning such that they are connected to students' ZPD. As a result of such integration, students' conceptions of their capability to learn were re-defined and nurtured. While most of the adaptive e-learning systems take into account students' learning styles, gender, and cognitive demands (e.g., Kenny & Pahl, 2009; Peredo et al., 2011; Tseng et al., 2008) , this study suggests that cultivating positive motivation and reducing negative motivation can benefit learning processes and outcomes. Moreover, some implementations for the adaptive learning system used here could be further enhanced to foster students' learning performance and motivation. First of all, cognitive and motivational scaffolds should be provided automatically by the system to allow students in monitoring their own learning status. Second, formative assessments could be added to the system to stimulate the interactions between the instructional materials and students. Although the learning issues in this study were around the concepts of velocity and acceleration, this study provides design principles for developing effective adaptive scaffolds and ways of integrating these scaffolds into e-learning systems that should be applicable to a range of other content domains.
In addition, this study suggests that promoting positive learning outcomes requires taking into account students' prior knowledge. Since prior knowledge can have a significant impact on learning processes and outcomes, when designing scaffolds, educators should keep in mind that offering appropriate support for each individual determines whether it improves students' performance and motivation. Thus, scaffolds for students with lower levels of prior knowledge should be dynamic in order to best assist them to actively construct knowledge.
Limitations and suggestions for future research
The current study has several important limitations. First, the data collected were cross-sectional, and there is a need for additional longitudinal research to test the relationship among the variables investigated in this study. The second limitation of this study, which was a practical necessity borne out of working with classroom cohorts of students, is that participants were assigned to the treatment or control groups based on their classroom affiliations rather than at random. Several future research possibilities exist, including questions regarding the incorporation of other cognitive profiles of learners-such as the need for cognitive or inductive reasoning skills-and the investigation of correlations between these profiles and their effects on performance and motivation. This study uses self-determination theory as the design guideline for creating an adaptive scaffolding mechanism. Future research could instead adopt other existing models and theories, such as Keller's (2010) ARCS (Attention, Relevance, Confidence, and Satisfaction) or Astleitner's (2000) FEASP (Fear, Envy, Anger, Sympathy, and Pleasure). In summary, this study takes an initial step toward extending and validating adaptive learning that affects cognitive and motivational factors in a technologically enhanced learning environment.
